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SRR System Requirements Review
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TPS Thermd Protection System
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FOREWORD

This Project Plan describes the objectives, requirements, and planning for the Operations and
Range Technology Project. This plan is congstent with the objectives, requirements, and plans
documented in the ASTP Program Plan, ISO-STD-TBD. This plan has been prepared in accordance
with the NASA Program and Project Management Processes and Requirements NPG 7120.5A,
and is conggtent with the NASA Strategic Management Handbook and NASA ProgranyProject
Management, NPD 7120.4A.
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l. INTRODUCTION

The Aero-Space Technology Enterprise has 3 Pillars Goals and 10 Technology Objectives that
aggressvely address the critica aerospace needs of our Nation, most notably aviation safety,
productivity, environmenta stewardship, and cost effective access to space.

Space isthe next frontier for our evolving trangportation systems. As we move out from the
planet, we open up new territory for exploration and development. Advancements in technology will
enable us to do two things; extend our reach, enabling us to explore further into space, and alow
commercia ventures to establish space operations and develop the commercia potentia of space --
garting first with safe, reliable, low-cost access to space. Therefore, the Enterprise’ s efforts focus on
developing technologies that enable new launch and in-space transportation systems with orders of
magnitude improvement in safety, cost and reiability.

The current space launch systems of the Nation are too expensive due in part to the vehicle
systems requiring alarge workforce of highly skilled specidigs to perform the test and assembly and
checkout required. We have stretched, modified, and extended the old designs and old technologies to
the point where we operate on thin margins. Within the next ten years, NASA will deliver the new
technologies that will improve safety and rdligbility by afactor of 200 while reducing cogts by afactor of
10.

The Operations and Range Technology Project is responsible for the development of key
technologies to substantialy reduce vehicle launch and processing operations costs and improve the
systems safety and reliability. The focused technology research and devel opment associated with the
project include:

Spaceport Range and Operations
Automated Umbilicals

MagLev Launch Assigt
Propelant Densification
Containerized Payload Systems

This project is part of Advanced Space Trangportation Program (ASTP) planning for the
Spacdliner 100 Investment area.
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[I. OBJECTIVES

This project will develop advanced range, ground operations, launch asss, payload processing
and flight operations technologies for future launch systems. Included are the operations tool
development, and component, subsystems and systems demonstrations. Focused technology research
and development in the following technologies will be carried out to advance the current state:

Autonomous connections

Rapid flow propelant loading

Space based range

Payload container devel opment
Advanced checkout and control systems
Intelligent ingpections systems

Launch assst

[Il. CUSTOMER DEFINITION AND ADVOCACY

The Operations and Range Technology Project is aigned within MSFC's Advanced Space
Program Office (ASTP) and NASA’s Office of Aero-Space Technology (OAT) Enterprise, and
supports the strategic goals of OAT’ sthird pillar, Accessto Space. Specific Access to Space Rillar
gods are to achieve aten-fold reduction in the cost of placing payloadsinto low-Earth orbit in the next
decade and an additional ten-fold cost reduction in the decade beyond.

The primary customer of the Operations and Range Technology Project isthe ASTP. Customer
advocacy will be achieved by anumber of approaches including indtituting cooperative arrangements
with government agencies and industry partners who have synergistic goas. These agreements will
provide for the timely release of datathat may be beneficid to current and future launch vehicle
development programs. The Operations and Range Technology Project will conduct periodic
technology exhibitions to highlight ongoing technology efforts. Customer participation in establishmernt,
review, and approva of requirements and in design reviews will be encouraged.

IV. PROJECT AUTHORITY

The NASA Strategic Plan and the NASA Strategic Management Handbook assign to
MSFC the Lead Center respongbility for Space Trangportation Systems development. This assgnment
includes Lead Center respongbility for the ASTP Program of which the Operations and Range
Technology Project is a part, dthough the Kennedy Space Center (KSC) is the Lead Center for this
project. The KSC Future Vehicles and Advanced Programs Office (MM-B) is responsible for project
implementation and management. The Operations and Range Technology Project has direct
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commitments with MSFC and KSC. The KSC GPMC is respongible for oversight of the Operations
and Range Technology Project.

V.  MANAGEMENT

A. Organization and Responsibilities

1. NASA Headquarters
NASA'’s Office of Aero-Space Technology (OAT) Enterprise is responsible for the Operations
and Range Technology Project.

2. Fidd Centers
Thefied centersinvolved in the Operations and Range Technology Project include: Marshdll
Space Hight Center and Kennedy Space Center. The involvement of each center is described below:

a. George C. Marshall Space Flight Center (M SFC)
The project is managed under the MSFC Space Trangportation Directorate's
(STD) ASTP Program Office.

b. Kennedy Space Center (KSC)

The Operations and Range Technology Project will be managed within the
organizationd structures and mechanisms of the Engineering Development Directorate
(MM) at KSC.

B. Responsibilities

The tasksidentified within this project will be managed out of the KSC Future Vehicles and
Advanced Programs Office. Teams will be formed as required at the appropriate centers and industries
to support the development of each task. Contractor support will be used with the permission of the
Project Manager. The teams are empowered to develop the operations tools, and component,
subsystems and systems demonsirations within the guiddines established in this project plan.

C. Special Boards and Committees
Not Applicable

D. M anagement Support Systems

The Project Manager is assisted by the organizationa structures and mechanisms of the
Engineering Development Directorate (MM) at KSC, including the Project management Office, the
Systems Development Office, and the Technology Development Office
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E. Management Information Systems

The KSC Engineering Development Directorate Project Management System (PMS) will be
used to track the technicd and fiscal progress of each task within the project. All plans, reports,
schedules, design documentetion, etc., shal reside on the KSC PMS, and only those records contained
on the KSC PMSwill be considered officia and current.

VI. TECHNICAL SUMMARY

The Operations and Range Technology Project is comprised of two sub-projects:
Low Cost Range and Operations, which currently includes the Automated Umbilica Mating
(OPS-005), the Passive Coherent Location (OPS-025), and the Autonomous Flight Safety
(NRA 8-21) development tasks
MagLev, which currently includes the Magnetic Levitated Launch Assst (OPS)
development tasks

A. Project Requirements

1. Automated Umbilical M ating (OPS-005)

This project will develop a smart umbilical with reconnect capability based upon
arecently completed SBIR project. This project will provide autonomous operations
using vison systems, force feedback, leak detection, and state-of-the-art redl-time
control. The umbilical will provide the capability to connect, disconnect, and reconnect
at any point during the launch countdown process.

2. Passive Coherent L ocation (OPS-025)

Passive Coherent Location (PCL) is a passive dl-wegather precision surveillance
systemn used for tracking aircraft and missiles. PCL does not radiate any RF signd
within the PCL boundaries - rather, it uses eectromagnetic energy which isaready in
the environment from sources such as broadcast television, FM, and other high energy
sources. Reflected energy from target object(s) is then received by the PCL system and
andyzed in red-time to determine the target’ s track. The objective isto evauate the
redl-time capability, tracking accuracy and resolution of the PCL system.

3. Autonomous Flight Safety (NRA 8-21)

Phase one of three phase effort will develop requirements, perform preliminary
design, develop decision algorithms, and perform smulations of a GPSINS-based
Autonomous Hight Termination System. Phases |1 & 111, will incorporate component
level technologies into breadboard hardware, and conduct ground and flight
demondtrations.
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4, Magnetic Levitated Launch Assist (OPS)

Develop ardliable, inexpensive, and low operationd launch assigt for sending
payloadsinto orbit using ground powered, magnetically suspended and propelled launch
asss technologies. Develop magnetic levitation, and linear motor technologiesto
investigate:

- Scdahility for the Spaceliner vehicle concepts.

Stability and control over the operating range of the system.

Energy storage and distribution concepts over the operating range.
Integration and interaction between the thrust cradle and the vehicle.
Development of afull-scde technology demongtrator.

B. System Requirements

The systems requirements are cons stent with the mission objectives listed in Section |1
of this plan.

C. System Constraints
There are no identified system congraints.

VIl. SCHEDULES

Milestones denoted by an asterisk and bold italic type are Level | milestones reported
in Advanced Space Transportation and Vehicle Systems Technology Program Plans.

A. Low Cost Range and Operations

1. Passive Coherent L ocation
*2QF YO0 - Passive Coherent Location Range Demonstration

Output: Demondtration of PCL Red-time wideband vehicle tracking and post
mission processing of narrowband capabilities. Post misson processing
will combine the results of both into asingle tracking solution. Thiswill
then be provided to the range for determination of accuracy with relation to
existing C-Band radars.

Outcome: Evauation of the PCL accuracy will dlow for determination of the need
to continue with phase 11 PCL X-34 Red Time Display development and
demondtration. This activity is part of the demondration of technologies
required to dramaticaly lower the cost of accessto space. AST Enterprise
Goa #9 - Reduce the payload cost to low-earth orbit by an order of
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magnitude, from $10,000 to $1000 per pound, within 10 years, and by an
additiona order of magnitude within 25 years.

*4QF YOO - Passive Coherent Location on X-34

Output: Demondtration of PCL Aerospace Vehicle red-time tracking and display
capabilities during an X-34 flight at DFRC. The accuracy of thisintegrated
cgpability will be evauated againg other officia tracking devices as a post
MiSS 0N Process.

Outcome: Evduation and andysis of the PCL accuracy and red-time performance
will support the decision to recommend PCL as a viable range tracking
and survelllance system. If accuracy is not sufficient adecison to continue
technology development or evauate other tracking systems will be
assessed. This activity is part of the demongtration of technologies required
to dramatically lower the cost of accessto space. AST Enterprise Goal #9
- Reduce the payload cost to low-earth orbit by an order of magnitude,
from $10,000 to $1000 per pound, within 10 years, and by an additional
order of magnitude within 25 years.

2. Automated Umbilical Mating
1QFY02 - Delivery of Prototype and Fina report

Output: Delivery of aqudified automated mating umbilica and fina assessment
report to MSFC.

Outcome: Development of asmart umbilica with a connect and re-connect
cgpability with remote interface verification. This project will leverage off of
an exiging SBIR project and additiond available hardware. This activity is
part of the demondtration of technologies required to dramaticaly lower
the cost of access to space. AST Enterprise Goa #9 - Reduce the
payload cost to low-earth orbit by an order of magnitude, from $10,000 to
$1000 per pound, within 10 years, and by an additional order of
megnitude within 25 years.

3. Autonomous Flight Safety System
3QFY00 - Autonomous Hight Safety System (AFSS) Phase | dgorithm
development and smulation complete

Output: Verification of flight termination decison logic dgorithm designs using
software Smulaions. Simulations will include injection of anomaous
conditions and red-time display of flight conditions relaive to safety limits.

Anaysis of 20 test caseswill be performed to evauate the decision logic
performance under avariety of flight conditions.
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Outcome: Vdidation of decison logic and smulators will ad in the devel opmernt,

test and verification of the Test Hight Article breadboard. Smulation will
provide for regresson test of hardware and software during the
development phase. This activity is part of the demonstration of
technologies required to dramaticaly lower the cost of access to space.
AST Enterprise Goal #9 - Reduce the payload cost to low-earth orbit by
an order of magnitude, from $10,000 to $1000 per pound, within 10
years, and by an additiond order of magnitude within 25 years.

3QFY 01 - Autonomous Hight Safety System (AFSS) Breadboard Demo
Output: Test and evauation of the Test Flight Article breadboard using the MSFC

ground smulation facility. Vdidation that the breadboard is ready for
integration into a jet aircraft for flight test and demondtration

Outcome: Vdidation of the breadboard will dlow for aarcraft and later X-34 flight

demondtrations of the Autonomous Flight Safety System.  Further
development and certification of this design provides cagpabilities that can
be utilized on the 2nd generation vehicles and further enhanced as
technology is developed for the 3rd generation. This activity is part of the
demondtration of technologies required to dramatically lower the cost of
access to space. AST Enterprise Goa #9 - Reduce the payload cost to
low-earth orbit by an order of magnitude, from $10,000 to $1000 per
pound, within 10 years, and by an additiond order of magnitude within 25
years.

4QFY 01 - Secure Digitad Command Recelver Decoder Engineering Model
Output: Engineering Model (EM) hardware and software integration and test have

been completed.

Outcome: Unit isready for RF performance and enviromentd testing that will be

performed during Secure Digitd Command Receiver Decoder TDRSS
Compatibility Test by 1t quarter FY02. This activity is part of the
demongtration of technologies required to dramaticaly lower the cost of
access to space. AST Enterprise Goa #9 - Reduce the payload cost to
low-earth orbit by an order of magnitude, from $10,000 to $1000 per
pound, within 10 years, and by an additiona order of magnitude within 25
years.

B. MagL ev Launch Assist Development
*4QFYOL - MagLev Test Track at KSC
Output: Ingtalation and test of the 400-foot test track at KSC
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Outcome: To develop a safe, reliable, inexpensive, and minimum operation launch
assis for sending small payloads into orbit using ground powered magnetic
suspenson and propulsion technologies. This activity is part of the
demondtration of technologies required to dramatically lower the cost of
access to space. AST Enterprise Goa #9 - Reduce the payload cost to
low-earth orbit by an order of magnitude, from $10,000 to $1000 per
pound, within 10 years, and by an additiona order of magnitude within 25
years.

VIll. RESOURCES

A. Funding Requirements (NOA in Millions)

FY99 FY00 FYO1 FYO02 FYO03 TOTALS
0.529 2541 0.643 TBD TBD 3.713
B. Institutional Requirements (FTE)
FY99 FY00 FYO1 FYO02 FYO03 TOTALS
24 10.6 4 TBD TBD 17

IX. CONTROLS

The Operations and Range Technology Project controls start with the Program Commitment
Agreement (PCA) for the ASTP Program. The PCA isinterpreted at every level to meet the NASA
commitment and reflected in the technica, schedule and cost requirements imposed on each of the
projects.

A. NASA Headquarters

The Operations and Range Technology Project Plan establishes the top level technicd,
schedule, and cost controls placed on the program. A semi-annud review of this plan will be performed
to accommodate the changing nature of advanced technology projects.

B. Marshall Space Flight Center

The ASTP Program Plan and this Project Plan outline the technical, schedule and cost
commitments of the Operations and Range Technology Project.
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C. Kennedy Space Center

Subordinate Project Plans for Automated Umbilica Mating, Passive Coherent Location,
Autonomous Hight Safety, and Magnetic Levitated Launch Asss further outline the technical, schedule
and cost commitments of the Operations and Range Technology Project.

D. Change Controls

Proposed changes to the Operations and Range Technology Project Plan shall be submitted to
the ASTP Program Manager for approva. Impactsto cost, schedule, and technical performance shall
be included.

E. Interface Controls

Interfaces and issues among the several STD programs are controlled by the Leve |1 Board
chaired by the STD Manager. Interfaces between the Operations and Range Technology project
elements are controlled by the Operations and Range Technology Project Manager.

F. Project Plan Updates

The Operations and Range Technology Project Plan updates will occur as required to reflect
project changes. Annually, the Operations and Range Technology Project Plan will be assessed by the
KSC Future Vehicles and Advanced Programs Office to determine if updates are warranted. If
gppropriate, updates will be incorporated and will be coordinated with the ASTP Program Manager
and KSC for concurrence.

X. IMPLEMENTATION APPROACH

KSC Operations and Range Technology Project WBS

Operations Project

| Low Cost Range and Operations | | MagLev

Passive Coherent Location
Automated Umbilical Mating
Autonomnous Flight Safety

XI.  ACQUISITION SUMMARY

The Operations and Range Technology Project acquisition strategy is based on both NASA in-
house and contracted activities. All of the planned individua contracts are currently anticipated to be
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less than $10M. Because of the experimental nature of the existing contracts, NASA Research
Announcements, Purchase Orders, and Support Agreements will be utilized to the greatest extent

possible.

XIl. PROGRAM/PROJECT DEPENDENCIES

Not Applicable

XIIl. AGREEMENTS

A. Internal NASA Agreements

K'SC has been assigned as the Lead Center for the Operations and Range Technology Project
and isrespongble for project implementation and management. The Operations and Range Technology
Project will require significant coordination between MSFC and KSC. Coordination on specific
technology development activities will be dictated by circumstances on an "as-needed” basis.

B. External Agreements

The Operations and Range Technology Project is expected to have externa agreements through
Contractors and other agencies. All externa agreements will be determined by competition as part of
the overdl acquistion srategy.

XIV. PERFORMANCE ASSURANCE

Quality

If required, Operations and Range Technology flight hardware designed, devel oped and built in-
house at MSFC will be in accordance with the MPG 144.1. In-house hardware may be built to dated
drawings with the pprova of the Lead Systems Engineer, as specified in the Operations and Range
Configuration Control Plan. As built drawings will be submitted to the M SFC Configuration Control
Process as specified in the Operations and Range Technology Configuration Control Plan. Operations
and Range Technology flight hardware designed, developed, and built in-house at other Centers will be
in accordance with the relevant Center policies and procedures.

Dueto the limited scope of the Operations and Range Technology Project, flight hardware may

be commercid off-the-shdf aslong as it meets the requirements specified in the governing specification
documents.
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Operations and Range Technology flight hardware purchased from outside vendorsis not
required to be SO 9000 compliant. Operations and Range Technology flight hardware purchased from
outside vendors will be based on the specific requirements of NHB 5300.4(1C). Tailoring of these
requirements will be reflected in the Operations and Range Technology Qudity Plan and/or in the
vendor purchase order/contract.

Operations and Range Technology flight hardware purchased from outside vendors must be
ddivered with a Certificate of Compliance (COC) and an acceptance data package as specified in the
purchase order or contract.

XV. RISK MANAGEMENT

For flight hardware, an aggressive Risk Management Plan will be required to effectively manage
the Operations and Range Technology Development project. This plan will document a continuous
process that:

- identifiesrisks
andyzes their impact and prioritizes them
develops and carries out plans for risk mitigation, acceptance, or other action
tracks risks and the implementation of mitigation plans
supportsinformed, timely, and effective decisions to control risks and mitigetion plans
assures that risk information is communicated among al levels of the project

Risk management beginsin the formulaion phase with an initid risk identification and
development of a Risk Management Plan and continues throughout the product’ s life cycle through the
disposition and tracking of existing and new risks. A Risk Management Plan will be required if and
when flight hardware is required.

XVI. ENVIRONMENTAL IMPACT

Environmenta impact assessment(s) shall be developed as needed by the appropriate center(s)
Environmenta Engineering and Management Offic(9).
XVII.SAFETY

The Operations and Range Technology Project will utilize existing KSC safety guiddinesto

provide for the early identification, andys's, reduction, and/or imination of hazards that might cause the
following:
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Lossof life or injury/iliness to personnd

Damage to or loss of equipment or property (including software)

Unexpected or collateral damage as aresult of tests

Fallure of misson

Loss of system availability

Damage to the environment

If required for specific tasks in the Operations and Range Technology Project, a safety plan that
details such activities as system safety, reliability engineering, eectronic and mechanicd parts rdiability,
quality assurance for both flight hardware and software, surveillance of the development processes,
“closed loop” problem failure reporting and resolution, environmental design and test requirements will
be developed.
For flight operations, mission success criteriashdl be defined to aid in early assessment of the impact of
risk management trade-off decisons. The safety and misson success activity shdl accomplish the
following:
- Providefor forma assessment and documentation of each hazard, with risks identified,

analyzed, planned, tracked, and controlled.
Provide for a safety assessment and certification regarding readiness for flight or operations,
explicitly noting any exceptions arisng from safety issues and concerns.
Utilize a qudity management system governed by the |SO 9000 standard, gppropriate
surveillance, and NASA Engineering and Qudity Audit (NEQA) techniques.

XVIII. TECHNOLOGY ASSESSMENT

Ongoing assessment of needs for technology will be conducted by project management to
insure that long term gods can be met.

XIX. COMMERCIALIZATION

Many of the technologies to be demonstrated have direct commercia application.

XX. REVIEWS

A. Management Reviews

Management reviews will be scheduled during the life of the project. The type and
frequency of the reviews will be established according to the project unique needs and
requirements. Reviews will be scheduled to keep center, program and project management
informed of the current status of existing or potentia problem areas. Agency management will
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be informed, in advance, of the schedule and agenda of the mgor reviews and will be invited to
participate a their discretion. Specid reviews by any level of management will be scheduled
when the need arises.

1 L ead Center Program Management Council (PMC) Review

The Kennedy Space Center Lead Center PMC will review the Operations and
Range Technology Project annudly. The reviewswill cover overdl satusinformetion,
including schedule, change, performance, funding, interfaces coordination, and other
management and technica topics. The Lead Center PMC review will dso assess
project progress against metrics and criteria proposed in procurement instruments.

2. Quarterly Program Review

A quarterly program review will be held to review cost, schedule, and technical
issues. The location of the review will be determined on a case-by-case basis.
Participants will include, as a minimum, the program managers of the ASTP and STD
offices.

3. Other Reviews
Other independent reviews will be scheduled as required.

B. Technical Reviews

Each technology development effort will be reviewed a sx-month increments to assess
progress. Decisions for continuation, redirection, and/or cancellation will be made at that time.

XXI. TAILORING

The requirements of NASA Policy Directive (NPD) 7120.4A and NASA Procedures and
Guiddines (NPG) 7120.5A apply to this program as tailored by the ASTP Program Plan.

XXI1.RECORDSRETENTION

The Operations and Range Technology Project Manager will determine which project records
will be retained and for how long in order to ensure a permanent record of the project and lessons
learned are available to benefit future NASA projects. Governing documents will be kept in accordance
with the required policies and procedures of the relevant Center.
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XXIII. CHANGE LOG
EFF. DATE STATUS DOC. REVISION DESCRIPTION
Dec 13, 1999 Badine - Initid Issue
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